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© A light guide is formed of a plurality of strip-like 
light guide materials (4*) each of which has first 
(4a') and second (4d') end faces. The light guide 
materials are arranged and connected together side 
by side at respective end portions including said first 
end faces so that the first end faces form a linearly 
extending light input face a,nd are bent at respective 
intermediate portions so that respective the other 
end portions including said second end faces extend 
substantially in parallel to the light input face. Said 
the other end portions of the respective strip-like 
light guide materials are superposed one on another 
and bundled so that the second end faces form a 

flight output face in a plane substantially perpendicu- 

^Iar to the light input face. 
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LIGHT GUIDE 



BACKGROUND OF THE INVENTION 

Field of the invention 

This invention relates to a fight guide which 
transmits light from one end face thereof to the 
other end face thereof. 



Description of the Prior Art 

There has been put into practice in various 
optical devices a light guide for transmitting light 
from one end face positioned close to a light emit- 
ting position to the other end face connected to a 
photodetector or the like. For example, such a light 
guide is used in a radiation image recording and 
reproducing system disclosed, for instance, in Unit- 
ed States Patent Nos. 4,258,264, 4,276,473, 
4,315,318 and 4,387,428 and Japanese Unexamin- 
ed Patent Publication No 56(1 981 )-1 1395. 

When certain kinds of phosphors are exposed 
to a radiation such as X-rays, a-rays. £-rays t 7- 
rays, cathode rays or ultraviolet rays, they store a 
part of the energy of the radiation. Then, when the 
phosphor which has been exposed to the radiation 
is exposed to stimulating rays such as visible light, 
light is emitted by the phosphor in proportion to the 
stored energy of the radiation. A phosphor exhibit- 
ing such properties is referred to as a stimulable 
phosphor. In said radiation image recording and 
reproducing system, a sheet provided with a layer 
of the stimulable phosphor (hereinafter referred to 
as a stimulable phosphor sheet) is first exposed to 
a radiation passing through an object such as the 
human body to have a radiation image of the 
object stored thereon, and is then exposed to stim- 
ulating rays which cause the stimulable phosphor 
sheet to emit light in proportion to the stored radi- 
ation energy. The light emitted by the stimulable 
phosphor sheet upon stimulation thereof is 
photoelectrically detected and converted to an 
electric image signal by a photodetector, and the 
radiation image of the object is reproduced as a 
visible image by use of the image signal on a 
recording medium such as a photographic film, a 
display device such as a cathode ray tube (CRT), 
or the like. The light guide is used in a radiation 
image read-out apparatus of the radiation image 
recording and reproducing system as a means for 
transmitting the light emitted by the stimulable 
phosphor sheet to the photodetector such as a 
photomultiplier. An example of the radiation image 
read-out apparatus is shown in Figure 16. 



In Figure 16, a stimulating light beam 101 a of a 
predetermined intensity is emitted from a stimulat- 
ing light source 101 to impinge upon a light deflec- 
tor such as a galvanometer mirror 102. The stimu- 

5 lating light beam 101a is deflected by the gal- 
vanometer mirror 102 to impinge upon a stimulable 
phosphor sheet 103 positioned below the galva- 
nometer mirror 102 so that the stimulable phosphor 
sheet 103 is scanned by the stimulating iight beam 

70 101a in the main scanning direction, i.e.. in the 
width direction of the sheet 103 as indicated by 
arrow A. While the stimulating light beam 101a 
impinges upon the stimulable phosphor sheet 103, 
the sheet 103 is conveyed in the sub-scanning 

75 direction as indicated by arrow B, for example, by 
an endless belt device 109. Therefore, scanning in 
the main scanning direction is repeated at an angle 
approximately normal to the sub-scanning direc- 
tion, and the whole surface of the stimulable phos- 

20 phor sheet 103 is two-dimensionally scanned by 
the stimulating light beam 101a. 

As the stimulable phosphor sheet 103 is 
scanned by the stimulating light beam 101 a, the 
portion of the sheet 103 exposed to the stimulating 

25 light beam 101a emits light having an intensity 
proportional to the stored radiation energy. The 
light emitted by the stimulable phosphor sheet 103 
enters a transparent light guide 104 from its iight 
input face 104a positioned close to the sheet 103 

30 in parallel to the main scanning line. As shown in 
Figure 17, the light guide 104 has a flat-shaped 
front end portion 104b positioned close to the 
stimulable phosphor sheet 103 and is shaped 
gradually into a cylindrical shape towards the rear 

35 end side to form a substantially cylindrical rear end 
portion 104c which is closely contacted with a 
photomultiplier 105. The light entering the light 
guide 104 from its light input face 104a is guided 
inside of the light guide 1 04 by total internal refiec- 

40 tion up to the rear end portion 104c t and is re- 
ceived by the photomultiplier 105 by way of a filter 
(not shown) which selectively transmits the light 
emitted by the stimulable phosphor sheet 103. 
Thus the light emitted by the stimulable phosphor 

45 sheet 103 in proportion to the radiation energy 
stored therein is detected and converted into an 
electric image signal by the photomultiplier 105. 
The electric image signal thus obtained is sent to 
an image processing circuit 106 and processed 

so therein. The electric image signal thus processed is 
then reproduced into a visible image and dis- 
played, for example, on a CRT 7, or is stored in a 
magnetic tape 1 08. 

The light input face of the light guide must 
extend along the main scanning line, the light out- 
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put end must be in such a shape as to permit 
connection to the photomultiplier having a small 
width, and the light guide must be uniform in width 
and thickness since light is transmitted through the 
light guide by total internal reflection. Accordingly, 5 
the light guide is formed by rolling an end portion 
of a rectangular light guide sheet material to con- 
form to the shape of the photomultiplier as shown 
in Figure 17. The conventional light guide having 
such a shape is disadvantageous in that the dimen- w 
sion in the direction perpendicular to the light input 
face is large to enlarge the size of the overall 
radiation image read-out apparatus. 

When the light guide for the radiation image 
read-out apparatus is formed of a bundle fiber rs 
comprising a plurality of optical fibers bundled into 
a flat plate shape, the overall size of the apparatus 
can be reduced since the bundle fiber can be 
relatively freely deformed. However since the light 
input face of the bundle fiber is formed by a 20 
plurality of light input faces of the optical fibers 
forming the bundle fiber, the spaces which cannot 
contribute to transmission of light are formed be- 
tween the light input faces of the respective optical 
fibers. Therefore, the light transmitting efficiency of 25 
the bundle fiber is as low as several percents and 
is 50 % at most, and the bundle fiber cannot be 
practically used for transmitting weak light. Further 
since the bundle fiber is formed of a plurality of 
optical fibers as described above, the light trans- 30 
mitting efficiency substantially fluctuates in the light 
input face, and shading is generated at small inter- 
vals in each scanning line due to the fluctuation of 
the light transmitting efficiency. Since this shading 
is increased as the distance between the light input 35 
face of the bundle fiber and the scanning position 
is reduced, influence of the shading can be lower- 
ed by positioning the light input face of the bundle 
fiber at a large distance from the scanning position. 
However, when the distance between the scanning 40 
position and the light input face of the bundle fiber 
is enlarged, the amount of light entering the bundle 
fiber is inherently reduced. In the case where the 
reflected light is received by the bundle fiber, re- 
duction in the amount of light can be compensated 45 
for by increasing the amount of the scanning light 
beam. However, in the case of the aforesaid radi- 
ation image read-out apparatus, increase in the 
intensity of light emitted from the stimuiable phos- 
phor sheet with increase in the amount of stimulat- so 
ing light beam is just slight. Accordingly, in the 
aforesaid radiation image read-out apparatus, the 
bundle fiber cannot be practically used as the light 
guide. 



SUMMARY OF THE INVENTION 

In view of the foregoing observations and de- 
scription, the primary object of the present inven- 
tion is to provide a light guide which is formed of a 
sheet-like light guide material to be able to be used 
as a light guide for the aforesaid radiation image 
read-out apparatus and can be small in size as 
measured in the direction perpendicular to the light 
input face thereof so that the overall size of the 
apparatus in which the light guide is to be incor- 
porated can be reduced. 

In accordance with one aspect of the present 
invention, there is provided a fight guide compris- 
ing a plurality of strip-like light guide materials 
each of which has first and second end faces and 
which are arranged and connected together side by 
side at respective end portions including said first 
end faces so that the first end faces form a linearly 
extending light input face and are bent at respec- 
tive intermediate portions so that respective the 
other end portions including said second end faces 
extend substantially in parallel to the light input 
face, said the other end portions of the respective 
strip-like light guide materials being superposed 
one on another and bundled so that the second 
end faces form a light output face in a plane 
substantially perpendicular to the light input face. 

in accordance with another aspect of the 
present invention, there is provided a light guide 
comprising a light guide sheet material which has a 
linearly extending light input end face, a light out- 
put end face at an angle to the light input end face 
and an arcuate end face which joins the outer ends 
of the light input end face and the light output end 
faces and is convex outward, the arcuate end face 
being provided with a light reflecting layer, and 
said light guide sheet material being rolled about 
an axis substantially perpendicular to the light out- 
put end face with the light input face being posi- 
tioned outer side of the roll. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a perspective view showing a 
light guide material for forming a light guide in 
accordance with a first embodiment of the present 
invention, 

Figure 2 is a perspective view of the light 
guide of the first embodiment, 

Figure 3 is a light guide in accordance with a 
second embodiment of the present invention, 

Figure 4 is a side view showing the light of 
the second embodiment opposed to a stimuiable 
phosphor sheet, 



3 



5 



0 284 098 



6 



Figure 5 is a graph showing the relation 
between the light transmitting efficiency and the 
extent of bending of the light guide material 

Figure 6 is a perspective view showing a 
third embodiment of the present invention, 

Figure 7 is a plan view of a light guide sheet 
for forming the light guide of the third embodiment. 

Figure 8 is a side view of the light guide of 
the third embodiment. 

Figure 9 is a schematic perspective view 
showing the light guide of the third embodiment set 
to a radiation image read-out apparatus, 

Figures 10 to 12 are plan views respectively 
showing light guide sheets for forming light guides 
in accordance with fourth to sixth embodiments of 
the present invention, 

Figure 13 is a perspective view of the light 
guide of the sixth embodiment, 

Figure 14 is a plan view showing a light 
guide sheet for forming a light guide in accordance 
with a seventh embodiment of the present inven- 
tion, 

Figure 15 is a perspective view of the light 
guide of the seventh embodiment, 

Figure 16 is a perspective view showing a 
radiation image read-out apparatus provided with a 
conventional light guide, and 

Figure 17 is a perspective view showing the 
conventional light guide employed in the radiation 
image read-out apparatus. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

In Figure 1 , a light guide material 4', which may 
be, for instance, an acrylic sheet, has a uniform 
thickness of t, and has linearly extending front and 
rear end faces 4a' and 4d'. The portion 4c' of the 
light guide material 4' except the front end portion 
4b' including the front end face 4a' is cut along a 
plurality of lines extending in perpendicular to the 
front end face 4a' to form a plurality of strip like 
portions which are five in number in this particular 
embodiment. The central strip-like portion is the 
largest in width w and the outermost strip-like por- 
tions are the smallest in width. The lengths I of the 
strip-like portions gradually increase from the right 
side to the left side. The strip-like portions are bent 
rightward (toward the shortest strip-like portion) so 
that the rear end portions including the rear end 
faces 4d' extend in parallel to the front end face 4a' 
and the rear end portions are superposed one on 
another and bundled so that the rear end faces 4d' 
of the strip-like portions form a flat surface per- 
pendicular to the front end face 4a', whereby a light 
guide 4 having a linearly extending light input face 
4a and a light output face 4d perpendicular to the 



light input face 4a is formed as shown in Figure 2. 
The lengths I of the strip-like portions are selected 
so that when the strip-like portions are bent to 
substantially the same extents, the rear end faces 

5 4d' come to be flush with each other. 

As in the conventional light guide, the light 
input face 4a of the light guide 4 of this embodi- 
ment is positioned along the main scanning line 
and the light output face 4d is connected to a 

10 photodetector such as a photomultiplier. In this 
particular embodiment, the width of the strip-like 
portions are gradually increased from the sides to 
the center as described above and accordingly, the 
shape of the light output face 4d approximates to a 

75 circle. This is advantageous in connecting the light 
output face 4d to the circular photomultiplier. How- 
ever, the widths of all the strip-like portions may be 
equal to each other so that a rectangular light 
output face is formed. 

20 In the light guide 4 of this embodiment, light 

emitted by the portion exposed to the scanning 
light beam enters the light guide from the light 
input face 4a with a high efficiency since the light 
input face 4a may be positioned close to the por- 

25 tion, Since the light guide 4 of this embodiment is 
formed of a sheet-like light guide material uniform 
in thickness and width, the light entering the light 
guide 4 travels inside of the light guide 4 by total 
internal reflection and reaches the light output face 

30 46 with a high efficiency. Further, the size of the 
light guide 4 as measured in perpendicular to the 
light input face 4a is one third to a half of the 
conventional one since the light output face is 
formed in perpendicular to the light input face. That 

35 is, in accordance with the light guide 4 of this 
embodiment the overall size of the apparatus in 
which the light guide is to incorporated can be 
reduced without deteriorating the light transmitting 
efficiency. Though the major part of light entering 

40 the light guide material described above are trans- 
mitted therethrough by total internal reflection, a 
very small part of the light is absorbed or leaks 
outside every time the light is reflected. Accord- 
ingly, as the length of the optical path in the light 

45 guide increases, the light transmitting efficiency is 
deteriorated by a small amount. In the light guide 4 
of this embodiment, since the optical path for the 
light entering the light guide 4 from a portion near 
the photomultiplier is shorter than the that for the 

so light entering the light guide from a portion remote 
from the photomultiplier, difference in the light 
transmitting efficiency can be produced. However, 
the difference is simple and corresponds to the 
shape of the light guide and does not change with 

55 age. Accordingly, the difference can be compen- 
sated for by, for instance, changing the position of 
junction to the photomultiplier according to the 
strip-like portions, or electrically adjusting the out- 
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put of the photomultiplier. The light guide material 
4' may be cut throughout the length as shown by 
the chain lines in Figure 1. In this case, boundary 
lines are produced on the light input face of the 
light guide, and the light transmitting efficiency is 
* deteriorated at the boundary lines to cause shad- 

ing. However, the shading can be electrically com- 
s. pensated for with ease. Further, the light input face 

and the light output face need not be strictly per- 
pendicular to each other but may be slightly at an 
angle to each other so long as the size of the light 
guide as measured in perpendicular to the light 
input face can be reduced. 

The light guide in accordance with the present 
invention may be produced by molding of light 
guide material as shown in Figure 3. 

The light guide 14 shown in Figure 3 is sub- 
stantially the same as the light guide 4 shown in 
Figure 2 except that the widths of all the strip-like 
portions are the same and the rear end portions of 
the strip-like portions including the rear end faces 
are integrally formed into a block-like shape. Also 
the light guide 14 has a linearly extending light 
input face 14a and a light output face 14d per- 
pendicular to the light input face 14a. When the 
light guide is integrally molded as in this embodi- 
ment, a plurality of light guides having a predeter- 
mined shape can be easily produced without 
polishing or the like. 

In both the embodiments described above, 
light entering the light guide is transmitted through 
the light guide by total internal reflection, and ac- 
cordingly, when the light guide material is bent to 
have an excessively small radius of curvature, total 
internal reflection condition is broken and total in- 
ternal reflection loss is increased. On the other 
hand, for a given position of the light output face as 
viewed in parallel to the light input face, the optical 
path in the light guide becomes longer as the 
radius of curvature of the bent portion becomes 
larger, and loss due to absorption light in the light 
guide is increased. For example, the extent of 
bending of the light guide material can be repre- 
sented by a radius r of a cylinder inscribed in the 
bent portion of the light guide material as shown by 
the chain line in Figure 3. Figure 5 shows relation 
v between the radius r and the light transmitting 

efficiency of the light guide 14 detected by con- 
necting a photodetector to the light output face 
14d. The light transmittivity of the material forming 
the light guide 14 is 91%, and curve A in Figure 5 
represents the relation in the case that the distance 
x between the light detecting side edge 14c of the 
light input face 14a and the light emitting position 
below the light input face 14a is 196mm while 
curve B represents the relation in the case that the 
distance x is 368mm. 

As can be understood from Figure 5, the total 



internal reflection loss is abruptly increased as the 
radius r becomes smaller than a certain value, 
while the loss due to light absorption in the light 
guide is gradually increased due to increase in the 

5 length of the optical path. In the of this particular 
embodiment, the light transmitting efficiency can 
be maximized by setting the radius r to about 
18mm. Since the light transmitting efficiency of the 
conventional light guides shown in Figures 16 and 

w 17 is generally 65%, the light transmitting effi- 
ciency of the light guide of this embodiment is 
equivalent to that of the conventional one. Though, 
in this embodiment, the bent portions of the strip- 
like portions is shaped to circumscribe a cylinder, 

T5 the strip-like portions may be bent into other var- 
ious shapes and may be bent into shapes different 
from each other. 

When the light guide 14 of this embodiment is 
used in the aforesaid radiation image read-out ap- 

20 paratus employing a stimulable phosphor sheet 3, 
it is preferred that a reflecting mirror 16 be pro- 
vided on the side of the scanning position opposite 
to the light input face 14a to reflect, toward the 
light input face 14a, light emitted from the sheet 3 

25 and traveling away from the light input face 14a. 
Further, it is preferred that the light input face 14a 
and the reflecting mirror 16 be provided with an 
antireflection coating which prevents reflection of 
the stimulating light beam 1a in order to prevent 

30 the stimulating light beam 1a from being reflected 
by them after reflected by the sheet 3 to impinge 
upon a part of the sheet 3 deviated from the 
scanning position. Further, it is preferred that the 
light output face 14d (Though the light output face 

35 14d is practically connected to a photomultiplier, 
the photomultiplier is not shown in Figure 4.) be 
provided with a filter which transmits light emitted 
by the stimulable phosphor sheet 3 but absorbs the 
stimulating light beam. 

40 Figure 6 shows a light guide 25 in accordance 

with another embodiment of the present invention. 
The light guide 25 is formed by rolling a light guide 
sheet 25L shown in Figure 7. The light guide sheet 
25L is of a transparent acrylic sheet and is a 

45 quarter circle in shape in this particular embodi- 
ment. The light guide sheet 25L has first and 
second linear end faces 25a and 25b which extend 
in radial directions in perpendicular to each other, 
and an arcuate end face 25c joining the outer ends 

so of the end faces 25a and 25b. The arcuate end 
face 25c is provided with a light reflecting layer 6 
by, for instance, aluminum deposition. The light 
guide 25 of this embodiment is formed by roiling 
the sheet 25L about an axis C perpendicular to the 

55 end face 25b. The sheet 25L is rolled so that the 
outer side of the second linear end face 25b is 
positioned inside of the roll and the first linear end 
face 25a is positioned outside of the roll. As clearly 
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shown in Figure 8, the end portion of the sheet 25L 
on the side of the first linear end face 25a extends 
linearly away from the outer surface of the portion 
positioned on the inner side of the end portion. 

The light guide 25 of this embodiment is used, 
for instance, in the aforesaid radiation image read- 
out apparatus in the manner shown in Figure 9. 
That is, the first linear end face 25a functions as 
the light input face and is disposed to extend along 
the main scanning line on the stimulable phosphor 
sheet 3. The second linear end face 25b which has 
been rolled into a circle functions as the light 
output face and is connected to a photodetector 37 
such as a photomuitiplier. 

Light 35 emitted by the stimulable phosphor 
sheet 3 upon stimulation enters the light guide 25 
from the light input face 25a. As shown in Figure 7, 
a part of the light 15 entering the light guide 25 is 
reflected toward the light output face 25b by the 
arcuate end face 25c, and the other part of the light 
15 directly travels to the light output face 25b. 
Since the light 15 emitted by the stimulable phos- 
phor sheet 3 is nondirectionaf and the light 15 
emitted from a certain point on the stimulable 
phosphor sheet 3 impinges upon the arcuate end 
face 25c at various angles. Since the arcuate end 
face 25c is of a quarter circle, the light impinging 
thereon at any angle is reflected toward the light 
output end face 25b. 

So long as the radius of curvature is larger 
than a predetermined value, total internal reflection 
condition is satisfied with respect to the thickness 
direction of the light guide sheet 25L, and accord- 
ingly, light transmitting loss is little. 

In accordance with another embodiment of the 
present invention, a light guide is formed by rolling 
a light guide sheet 40L comprising a quarter-cir- 
cular portion 40e and a rectangular portion 40f 
integrally connected to one of the linear end faces 
of the quarter-circular portion 40e as shown in 
Figure 10. The light guide sheet 40L is rolled from 
the upper (as seen in Figure 10) side about an axis 
C. In this embodiment, linear end faces 40a and 
40b function respectively as the light input face 
and the light output face, and an arcuate end face 
portion 40c of the quarter-circular portion 40e and 
a linear end face 40d of the rectangular portion 40f 
are provided with a light reflecting layer 41 . 

In accordance with still another embodiment of 
the present invention, a light guide is formed by 
rolling a light guide sheet 50L which is a quarter- 
ellipsoid in shape as shown in Figure 11. The tight 
guide sheet 50L is rolled from the upper (as seen 
in Figure 11) side about an axis C. In this embodi- 
ment, linear end faces 50a and 50b function re- 
spectively as the light input face and the light 
output face, and an arcuate end face 50c is pro- 
vided with a light reflecting layer 51 . 



In accordance with still another embodiment of 
the present invention, a light guide is formed by 
rolling a light guide sheet 60L which is a sector 
having an included angle larger than 90° in shape 

5 as shown in Figure 12. The light guide sheet 60L is 
rolled from the upper (as seen in Figure 12) side 
about an axis C. However, the portion below the 
broken line in Figure 12 is not rolled as shown in 
Figure 13. In this embodiment linear end faces 60a 

70 and 60b function respectively as the light input 
face and the light output face, and an arcuate end 
face 60c is provided with a light reflecting layer 61. 

In accordance with still another embodiment of 
the present invention, a light guide is formed by 

75 rolling a light guide sheet 70L which is like a 
quarter of a doughnut in shape as shown in Figure 
14. The light guide sheet 70L is rolled from the 
upper (as seen in Figure 14) side about an axis C. 
However, the portion below the broken line in Fig- 

20 ure 14 is not rolled as shown in Figure 15, and 
accordingly, the photodetector 37 to be connected 
to the light guide can be positioned removed from 
the edge of the stimulable phosphor sheet 3. In this 
embodiment linear end faces 70a and 70b function 

25 respectively as the light input face and the light 
output face, and outer and inner arcuate end faces 
70c and 70d are provided with a light reflecting 
layer 71 . 

Though the light guides in accordance with the 
30 embodiments described above are formed by roll- 
ing a light guide sheet they may be integrally 
formed, for instance, by injection molding. Further, 
the arcuate end joining the outer ends of the re- 
spective linear end faces may be of other various 
35 shapes, e.g., a part of a parabola, a part of a 
hyperbola, or the like. 



Claims 

40 

1. A light guide comprising a plurality of strip- 
like light guide materials each of which has first 
and second end faces and which are arranged and 
connected together side by side at respective end 

45 portions including said first end faces so that the 
first end faces form a linearly extending light input 
face and are bent at respective intermediate por- 
tions so that respective the other end portions 
including said second end faces extend substan- 

50 tially in parallel to the light input face, said the 
other end portions of the respective strip-like light 
guide materials being superposed one on another 
and bundled so that the second end faces form a 
light output face in a plane substantially perpen- 

55 dicular to the light input face. 

2. A light guide as defined in Claim 1 in which 
said strip-like light guide materials are formed by 
cutting a light guide material sheet having linearly 
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extending first and second end faces along a plu- 
rality of lines perpendicular to the first end face 
with the first end face kept uncut, said first end 
face forming said light input face and the second 
end face forming said light output face. 5 

3. A light as defined in Claim 1 in which said 
the other end portions of the strip-like light guide 
materials are integrally formed. 

4. A light guide comprising a light guide sheet 
material which has a linearly extending light input 10 
end face, a light output end face at an angle to the 

light input end face and an arcuate end face which 
joins the outer ends of the light input end face and 
the light output end faces and is convex outward, 
the arcuate end face being provided with a light 75 
reflecting layer, and said light guide sheet material 
being roiled about an axis substantially perpendicu- 
lar to the light output end face with the light input 
face being positioned outer side of the roll. 

5. A light guide as defined in Claim 4 in which 20 
said light guide sheet material is a quarter of a 
circle in shape, and the radially extending end 
faces of the sheet material respectively form said 

light input end faces and the light output end faces. 

6. A light guide as defined in Claim 1 or 2 in 25 
which the end portion of said light guide sheet 
material including said light input end face is not 
rolled to linearly extend away from the rolled por- 
tion thereof. 

30 
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